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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a road surface 
friction coefficient estimating device whereby from 
detected wheel acceleration, a road surface friction 
coefficient can be surely estimated, and reliability of the 
estimated road surface friction coefficient can be 
ensured. 

SOLUTION: In a road surface friction coefficient 
estimating device applied for an automobile, from a 
detected speed of a drive wheel, wheel acceleration is 
calculated, in a decision block 30, based on a maximum 
value of the wheel acceleration and detected maximum 
throttle opening, □ decision value is decided in a map. In 
a decision block 46, based on a high or low □ degree 
decided from the □ decision value, estimation □ is 
decided. Further, when the □ decision value is an 
ambiguous value, in a □ decision counter 38, a value of 
high or low □ degree is adjusted, the same ambiguous 
value is input by a plurality of times continued, when a 
value of high or low □ degree respectively leads to 5, 

estimation □ is decided in the decision block 46, the final estimation result is obtained. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A wheel speed detection means to detect and output wheel speed, and a wheel 
acceleration operation means to calculate said wheel speed empty vehicle ring acceleration, A 
wheel acceleration maximum output means to detect and output the maximum of the wheel 
acceleration calculated with said wheel acceleration operation means, When it is in a throttle 
opening detection means to detect and output the throttle opening of a car, and the start 
condition that said car includes the time of start and the maximum of said wheel acceleration is 
outputted from said wheel acceleration maximum output means, When maximum already exists in 
the throttle opening detected with said throttle opening detection means at this output event, 
that maximum A maximum throttle opening detection means to output the throttle opening 
detected at said output event when said maximum did not exist as a maximum throttle opening, 
Road surface coefficient-of-friction presumption equipment characterized by providing a 
presumed means to presume road surface coefficient of friction based on the maximum and said 
maximum throttle opening of said wheel acceleration. 

[Claim 2] Said presumed means is road surface coefficient-of-friction presumption equipment 
according to claim 1 which characterizes the presumption as a multiple-times repeat, and is 
characterized by presuming road surface coefficient of friction eventually when the maximum 
and said maximum throttle opening of said wheel acceleration presume said road surface 
coefficient of friction and it is in an ambiguous field. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention presumes coefficient of friction of the road surface a car 
runs, and relates to the road surface coefficient-of-friction presumption equipment which can 
grasp the situation of a road surface exactly. 
[0002] 

[A related background technique] As an example relevant to this kind of road surface 
coefficient-of-friction presumption equipment, the traction control unit of the car which 
presumes road surface coefficient of friction and prevents a slip of a driving wheel is indicated 
by JP.4-55158.A at the time of start of a car. If it is in this well-known traction control unit and 
the acceleration of the detected driving wheel becomes beyond a predetermined value when a 
slip arises in a driving wheel at the time of start of a car, road surface coefficient of friction is 
presumed based on the engine output state. Moreover, the target slip value for traction control 
is set up from presumed road surface coefficient of friction, and a slip of a driving wheel is 
controlled by this traction control unit based on this target slip value. 

[0003] Therefore, according to this traction control unit, it is thought from the amount of slips of 
the wheel to driving force at the time of start of a car that coefficient of friction between a road 
surface and a wheel is correctly computable. Moreover, according to this traction control device, 
according to coefficient of friction of the computed road surface, an engine output and damping 
force are controlled appropriately, and are considered as the driving force of a car not becoming 
excessive. 
[0004] 

[Problem(s) to be Solved by the Invention] However, it cannot be said that the amount of slips 
generated in a driving wheel when a car departs with comparatively small driving force, since 
presumption of road surface coefficient of friction is not performed if it is in the well-known 
traction control unit mentioned above and the acceleration of a driving wheel does not become 
beyond a predetermined value is also small, and presumption of road surface coefficient of 
friction is ensured in such a situation. 

[0005] Irrespective of the amount of slips of a wheel, the place which this invention was made 
based on the situation mentioned above, and is made into that object can presume road surface 
coefficient of friction certainly, and is to offer the road surface coefficient-of-friction 
presumption equipment which can moreover secure the dependability of presumed road surface 
coefficient of friction. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the road surface 
coefficient-of-friction presumption equipment of claim 1 A wheel speed detection means to 
detect and output wheel speed, and a wheel acceleration operation means to calculate wheel 
speed empty vehicle ring acceleration, A wheel acceleration maximum output means to detect 
and output the maximum of the wheel acceleration calculated with the wheel acceleration 
operation means, When it is in a throttle opening detection means to detect and output the 
throttle opening of a car, and the start condition that a car includes the time of start and the 
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maximum of wheel acceleration maximum output means empty vehicle ring acceleration is 
outputted, When maximum already exists in the throttle opening detected with the throttle 
opening detection means at this output event, that maximum When the maximum does not exist, 
it has a maximum throttle opening detection means to output the throttle opening detected at 
the output event as a maximum throttle opening, and a presumed means to presume road 
surface coefficient of friction based on the maximum and said maximum throttle opening of 
wheel acceleration. 

[0007] When a car is in a substantial start condition including the time of start according to the 
road surface coefficient-of-friction presumption equipment of claim 1, the maximum and the 
maximum throttle opening of wheel acceleration are detected, respectively. In the start condition 
of a car, the maximum and the maximum throttle opening of these wheels acceleration have the 
characteristic relation according to the road surface coefficient of friction, therefore 
presumption of road surface coefficient of friction of them is attained based on the maximum 
and the maximum throttle opening of wheel acceleration. 

[0008] Moreover, the presumed means of the road surface coefficient-of-friction presumption 
equipment in claim 2 is a multiple-times repeat and the thing which presumes road surface 
coefficient of friction eventually about the presumption, when the maximum and said maximum 
throttle opening of said wheel acceleration presume said road surface coefficient of friction and 
it is in an ambiguous field. In this case, the dependability of presumed road surface coefficient of 
friction improves. 
[0009] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, the example of road 
surface coefficient-of-friction presumption equipment is explained to a detail. Reference of 
drawing 1 shows procedure until it outputs wheel acceleration and a throttle opening with the 
block diagram. It is applied to the automobile, and the rotational frequency 2 of a wheel, i.e., the 
wheel speed sensor which detects wheel speed, is formed in the driving wheel of a car, and, as 
for this road surface coefficient-of-friction presumption equipment, the throttle opening sensor 
4 which detects a throttle opening from a pedal travel is formed in the accelerator pedal. 
[0010] Input process of the sensor signal from these wheel speed sensor 2 and the throttle 
opening sensor 4 is first carried out with the input-process block 6, respectively. In more detail, 
the conversion, passing speed, i.e., wheel speed, from the rotational frequency is made for every 
driving wheel, and the rotational frequency signal from the wheel speed sensor 2 is outputted as 
a wheel speed signal of each driving wheel. Moreover, A/D conversion of the throttle opening 
signal from the throttle opening sensor 4 is carried out, and it is outputted. 
[001 1] With the following filter 8, filtering of each sensor signal [ finishing / input process ] is 
carried out. In addition, the primary low pass filter of a recursive mold is used here. With the 
operation block 10, the wheel acceleration Afw is computed by carrying out differential data 
processing of the wheel speed VW of each driving wheel. As for the wheel acceleration Afw 
outputted from the operation block 10, filtering is again performed with a filter 12. 
[0012] And the wheel acceleration Aw by which filtering was carried out with the filter 12 is 
outputted with the throttle opening [ finishing / filtering ] As. Reference of drawing 2 shows the 
configuration of the detector which detects the maximum and the maximum throttle opening of 
wheel acceleration, respectively, and outputs them with the block diagram. In this detector, 
among the wheel acceleration and the throttle openings which are inputted, after the average 
value of the wheel acceleration of all driving wheels is computed with the operation block 13, as 
for wheel acceleration, that average value is supplied to the judgment block 14 as wheel 
acceleration Aw. In addition, the throttle opening As is supplied to the judgment block 16 as it is. 
And the wheel acceleration Aw and the throttle opening As are being outputted as the wheel 
acceleration maximum mentioned later and a maximum throttle opening respectively through two 
switches 18a and 20a and Switches 18b and 20b, respectively, after processing with these 
judgment blocks 14 and 16 is performed. 

[0013] In more detail, both the wheel acceleration Aw and throttle openings As that were 
detected set a fixed time interval, and a sequential input is carried out in a detector. So, this 
detector operates synchronizing with the input period of these wheels acceleration Aw and the 
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throttle opening As, and the operation block 13, the judgment blocKs 14 and 16, Switches 18a 
and 18b, and Switches 20a and 20b all operate by a unit of 1 time to 1 actuation period of a 
detector, respectively. That is, the operation block 13 performs data processing for every 
actuation period of a detector, and supplies the average value of wheel acceleration to the 
judgment block 14 each time. Each judgment blocks 14 and 16 perform judgment processing for 
every actuation period of a detector, and output the result each time. Moreover, with Switches 
18a and 18b and Switches 20a and 20b, one of change-over locations is chosen for every 
actuation period of a detector each time. In addition, each switches 18a and 18b and Switches 
20a and 20b can be switched to ON or an off position, respectively. 

[0014] While each sampling operator 22 reads the output from the switches 18a and 18b in an 
actuation period at each time and holds the output between 1 actuation periods, he supplies the 
judgment blocks 14 and 16 at the time of initiation of a next actuation period. Therefore, a value 
can be supplied to the judgment blocks 14 and 16 last time which was outputted through such a 
sampling operator 22 from the output 14 from the last switches 18a and 18b, i.e., a judgment 
block, and 16 self. 

[0015] Even if neither wheel acceleration nor a throttle opening is detected but a detector is 
operating in this case at the time of a stop of a car, the wheel acceleration Aw (n) and the 
throttle opening As (n) are not inputted into the judgment blocks 14 and 16. Therefore, judgment 
processing in each judgment blocks 14 and 16 is not performed, and the wheel acceleration Awp 
(n) and the throttle opening Asp (n) as a judgment result are not outputted from these judgment 
blocks 14 and 16. 

[0016] From the judgment blocks 14 and 16, when there is no output Switches 18a and 18b are 
in the change-over location of a graphic display, i.e., an off condition. Therefore, the initial value 
(= 0) outputted from Switches 18a and 18b is held at the sampling operator 22 at the time of a 
stop of a car. In addition, since the value is not held last time at the sampling operator 22 at this 
event, a value is not supplied to the judgment blocks 14 and 16 last time [ that ] from the 
sampling operator 22. 

[0017] In the idle state of a car, a value (= initial value) is given to the judgment blocks 14 and 16 
as a throttle opening Asp (n~1) the wheel acceleration Awp (n-1) and last time last time last 
time which was held by the sampling operator 22 the actuation period of the next time in a 
detector, respectively. Then, if a car departs and wheel acceleration and a throttle opening are 
detected, the wheel acceleration Aw (n) and the throttle opening As (n) will be inputted into the 
judgment blocks 14 and 16, respectively. 

[0018] At this time, the wheel acceleration Awp (n-1) (= initial value) is compared last time with 
this wheel acceleration Aw (n) by the judgment block 14. At this event, as for this wheel 
acceleration Aw (n), the value of the wheel acceleration Aw (n) detected against the wheel 
acceleration Awp (n) this time is assigned rather than the wheel acceleration Awp (n-1) last time 
this time which the criteria of Aw(n) >=Awp (n-1) are satisfied, and is outputted as a judgment 
result of the judgment block 14 since it is size. 

[0019] If the wheel acceleration Awp (n) is outputted as a result of [ from the judgment block 
14 ] a judgment (i.e., this time), the condition of ON is chosen as this change-over location of 
switch 18a, and switch 18a will be switching from the location of a graphic display, and will output 
the wheel acceleration Aw (n) to switch 20this time. Moreover, the value of the wheel 
acceleration Awp (n) is held to a next actuation period this time which is outputted from switch 
18a at the sampling operator 22. In addition, while there is an output at each time from judgment 
block 18a, switch 18a is always maintained by the ON state. 

[0020] then, the detected wheel acceleration Aw (n) that it is last time [ which is the sampling 
operators 22 output ] the same as the wheel acceleration Awp (n-1), or size from the wheel 
acceleration Awp (n-1) last time Since the criteria of Aw(n) >=Awp (n-1) are always satisfied in 
the judgment block 14, from the judgment block 14, the value of the detected wheel acceleration 
Aw (n) is outputted as wheel acceleration Awp (n) this time. Therefore, the wheel acceleration 
Aw (n) detected in the meantime will newly be supplied to switch 20a through switch 18a. 
[0021] On the other hand, if the detected wheel acceleration Aw (n) decreases after this, since 
the criteria of Aw(n) <Awp (n-1) will be satisfied in the judgment block 14, the value of the wheel 
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acceleration Awp (n~1) wmbe assigned to the wheel acceleration Awp (n) last time this time 
which is the output of the judgment block 14. That is, if the value of the wheel acceleration Aw 
(n) detected this time is beyond a value of the wheel acceleration Awp (n-1) outputted last time, 
the judgment block 14 The value of the detected wheel acceleration Aw (n) is outputted as a 
judgment result, and rather than the wheel acceleration Awp (n-1) which the value of the wheel 
acceleration Aw (n) detected this time outputted last time, if it is smallness, the value of the 
wheel acceleration Awp (n-1) outputted last time will be outputted as it is. 
[0022] In the meantime, since switch 18a is always in the condition of ON, the maximum of the 
beginning of the wheel acceleration Aw after start of a car (n) is held at switch 20a. On the other 
hand, if this throttle opening As (n) is similarly inputted with the judgment block 16 When the 
throttle opening Asp (n-1) is measured this throttle opening As (n) and last time and the criteria 
of As(n) >=Asp (n-1) are satisfied, The value of the throttle opening As (n) detected as a throttle 
opening Asp (n) from the judgment block 16 this time is outputted. On the other hand, if the 
criteria of As(n) <Asp (n~1) are satisfied, the value of the throttle opening Asp (n) will serve as 
the throttle opening Asp (n-1) last time this time which is outputted from the judgment block 16. 
Thus, if it is in the situation that the throttle opening Asp (n) is outputted as a judgment result 
from the judgment block 16 Switch 18b is switched from the location of a graphic display like the 
case of switch 18a mentioned above. As a result of always being maintained by the condition of 
ON, the throttle opening Asp from the judgment block 16 (n) is supplied to switch 20b through 
switch 18b. To this switch 20b The maximum of the beginning of the detected throttle opening 
As after start of a car (n) can be held. 

[0023] Moreover, Switches 18a and 18b are compulsorily returned to the off position of a graphic 
display at the time 14 and 16 of a stop of a car, i.e., judgment blocks, in response to supply of 
not only when there is no output of a judgment result, but a reset signal, respectively, and the 
reset signal is outputted from OR circuit 24. An OR circuit supplies a reset signal to Switches 
18a and 18b, respectively, when it is filled any of the input condition they are. Here, the input 
conditions of OR circuit 24 are three conditions of whether the driving force Fx of whether the 
absolute value of the lateral acceleration GY generated [ whether the absolute value of the 
handle angle Ta is over 5 degrees and ] on a car is over 0.15 times of gravitational acceleration 
and a car is zero or less. If it is in the situation that it is filled any of the input condition 
mentioned above they are, since presumption of road surface coefficient of friction mentioned 
later is impossible, if it is in the situation, it is returning Switches 18a and 18b to the change- 
over location of a graphic display in the meantime, and the maximum of the wheel acceleration 
used for presumption of road surface coefficient of friction and the detection of the maximum 
throttle opening itself are stopped. In addition, if all input conditions of OR circuit 24 mentioned 
above from such a situation are no longer fulfilled, Switches 18a and 18b will be switched based 
on the existence of the output from the judgment blocks 14 and 16 mentioned above. 
[0024] On the other hand, Switches 20a and 20b are switched from the location of a graphic 
display in response to supply of the change-over signal from the judgment block 26, and output 
the wheel acceleration Awp (n) and the throttle opening Asp (n) which are carrying out current 
maintenance at this change-over event as wheel acceleration maximum and a maximum throttle 
opening, respectively. The wheel acceleration Awp (n-1) is supplied to the judgment block 26 the 
wheel acceleration Aw (n) detected this time and last time in more detail. Here When the wheel 
acceleration Awp (n-1) is measured with this wheel acceleration Aw (n) last time and this wheel 
acceleration Aw (n) falls 0.5% or more from the wheel acceleration Awp (n-1) last time, That is, 
when the criteria of Aw(n) <=Awp(n~1) - (1-5/1000) are satisfied, a change-over signal is 
outputted to Switches 20a and 20b from the judgment block 26, respectively. Switches 20a and 
20b are switched from the location of a graphic display, when a change-over signal is received 
from the judgment block 26. 

[0025] Next, if drawing 5 is referred to from drawing 3 , time amount change of the throttle 
opening to the various treading-in gestalten of an accelerator pedal is shown, respectively at the 
time of start of a car. First, an example of the time amount change in the wheel acceleration in 
the situation of getting into the accelerator pedal at a fixed rate is shown in drawing 3 , and the 
peak of wheel acceleration has occurred at time of day T1 here. In addition, lifting of the wheel 
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acceleration to treading^^of an accelerator pedal as shown in dri^^g 3 shows lifting of the 
wheel acceleration on the appearance by racing of the wheel at the time of start, i.e., the 
increment in the amount of slips of a wheel. Then, as for this, a tire recovers a grip gradually by 
wheel acceleration decreasing gradually, even if a throttle opening goes up further, and 
decreasing gradually [ a slip of a wheel ] is shown. The case in the wheel acceleration change 
property of drawing 3 , from the judgment circuit 26 shown in drawing 2 , a change-over signal is 
outputted to time of day T1 and **** time of day, and Switches 20a and 20b are switched, 
respectively. Consequently, from switch 20a, the wheel acceleration Awp (n) currently held is 
outputted as wheel acceleration maximum Aw1, and, on the other hand, the throttle opening Asp 
in that event (n) is outputted as a maximum throttle opening As1 from switch 20b. 
[0026] Next, if drawing 4 is referred to, after getting into an accelerator pedal at a fixed rate, an 
example of the time amount change in the wheel acceleration in the situation maintained by the 
treading in is shown. Here, the peak has occurred also against wheel acceleration in the time of 
day T2 when the throttle opening greeted the peak, and **** time of day. Since a throttle 
opening is uniformly held after wheel acceleration reaches a peak if it is in the change property 
of such wheel acceleration, it is shown that the slip of a tire was suppressed and the grip is 
recovered. In this case, from the judgment circuit 26 of drawing 2 , a change-over signal is 
outputted to time of day T2 and **** time of day, and Switches 20a and 20b are switched. 
Therefore, also in this case, from switch 20a and b, the wheel acceleration Awp (n) currently held 
is outputted as wheel acceleration maximum Aw2, and, on the other hand, the throttle opening 
Asp in that event (n) is outputted as a maximum throttle opening As2 from switch 20b. 
[0027] And if drawing 5 is referred to, once it gets into an accelerator pedal, an example of the 
time amount change in the wheel acceleration in the situation that the treading in was returned 
to some extent is shown. Here, it shifted between the peak time of day of a throttle opening, and 
the peak time of day of wheel acceleration, that is, time difference has arisen. This is behind in 
the standup of driving force to treading in of an accelerator pedal, and, for this reason, shows 
that the peak of wheel acceleration is also generated behind time. In this case, the judgment 
block 26 shown in drawing 2 outputs a change-over signal at time-of-day T3 and **** time of 
day, and switches Switches 20a and 20b, respectively. In this case, switch 20a outputs the wheel 
acceleration Awp (n) currently held as wheel acceleration maximum Aw3, and, on the other hand, 
switch 20b outputs not the throttle opening As3 in that event but the throttle opening Asp (n) 
obtained in time-of-day T four before time-of-day T3 as a maximum throttle opening As4. 
[0028] When maximum already exists in a throttle opening at this event, that maximum is 
outputted, and when maximum does not exist in a throttle opening, as for the detector shown in 
drawing 2 as mentioned above, the throttle opening in this event is outputted at the same time 
wheel acceleration maximum is outputted irrespective of the treading-in gestalt of an 
accelerator pedal, when the maximum of wheel acceleration is detected after start of a car. That 
is, with the output of the maximum throttle opening, the maximum of the throttle opening in the 
period of the output event of the start empty vehicle ring acceleration maximum of a car will be 
outputted as a maximum throttle opening. 

[0029] Reference of drawing 6 shows the configuration of the presumed circuit which presumes 
road surface coefficient of friction with the block diagram based on the wheel acceleration 
maximum and the maximum throttle opening which were outputted from the detector. First, 
wheel acceleration maximum and the maximum throttle opening are inputted into the judgment 
block 30, respectively. In the judgment block 30, it refers to mu judging map on which wheel 
acceleration maximum and the maximum throttle opening are shown in drawing 7 , and the height 
(high [ mu ] or low [ mu ]) of road surface coefficient of friction is judged based on this mu 
judging map. 

[0030] More in detail, if it is in the situations at the time of start of a car etc., a throttle opening 
and wheel acceleration show the property of a proper to a road surface mu from relation with 
the friction property of a tire. That is, the inclination which wheel acceleration increases [ as 
opposed to / if it is in a low /, such as a hardened snow way, / mu way although it is in the 
inclination which wheel acceleration also increases as the continuous line in drawing 8 shows and 
follows the increment in a throttle opening mostly, if it is in a high /, such as an asphalt way, / 
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mu way however, when atnrottle opening increases above to some extent, as a drawing 8 
destructive line shows / a throttle opening ] rapidly is shown. So, while the artificer of this 
invention notes that presumption of road surface coefficient of friction is attained from the 
relation of the throttle opening and wheel acceleration which were mentioned above, he is 
checking that it is effective to use the maximum of wheel acceleration and the maximum throttle 
opening which shows the situation of treading in of an accelerator pedal to accuracy for the 
presumption. So, he is trying to detect the not a throttle opening but maximum throttle opening 
mentioned above in the event of the maximum of wheel acceleration being outputted in the 
detector of drawing 2 . 

[0031] mu judging map of drawing 7 used the throttle opening-wheel acceleration property 
according to the road surface mu of drawing 8 as the base, was created, and, specifically, has 
classified the high mu field and the low mu field based on the maximum throttle opening and 
wheel acceleration maximum. Among drawing 7 , a high mu field and a low mu field perform 
hatching, and are shown. By a high mu field showing the field where the maximum of wheel 
acceleration is comparatively small, even if the maximum throttle opening is large, although a low 
mu field has the comparatively small maximum throttle opening to a bookmark and reverse, the 
field where the maximum of wheel acceleration is high is shown in them. Therefore, if the point 
specified at the maximum of the maximum throttle opening and wheel acceleration goes into a 
high mu field, it can judge with the road surface coefficient of friction being high, on the other 
hand if the specifying point goes into a low mu field, it can judge with the road surface 
coefficient of friction being low. 

[0032] In a high mu field as shown in mu judging map of drawing 7 However, a field part with the 
maximum throttle opening smaller than the predetermined value Am, Moreover, a field part with 
the maximum of wheel acceleration smaller than the predetermined value Awm, i.e., the field part 
which sees at drawing 8 and a difference remarkable between a high mu way (FARUTO way in 
ASU) property and a low mu way (hardened snow way) property does not generate, is set up as 
an ambiguous field in the low mu field, respectively. 

[0033] When judged with the point on mu judging map specified from the wheel acceleration 
maximum and the maximum throttle opening which were inputted with the judgment block 30 
being in any of a high mu field, an ambiguous high mu field, a low mu field, and an ambiguous low 
mu field they are, mu decision value which shows the field is outputted from the judgment block 
30. When close is in neither of the field of the above [ the point determined from wheel 
acceleration maximum and the maximum throttle opening ] on the other hand (i.e., when the field 
is not pinpointed), there is no output of mu decision value from the judgment block 30. 
[0034] In addition, it cannot be overemphasized that the reference value, Aw1~Aw5, which 
defines the boundary of each field of drawing 7 and A1 - A4 are appropriately set up on a known 
high mu way and a known low mu way based on the data of the wheel acceleration maximum 
measured, respectively and the maximum throttle opening, respectively at the time of start of a 
actual car. [ i.e., ] Moreover, the value of AmAwm which is the boundary value of each ambiguous 
field is set as the upper limit of the maximum throttle opening to which the judgment of whether 
the road surface is a high mu way or to be a low mu way becomes difficult only from the relation 
between the maximum throttle opening and wheel acceleration maximum, and wheel acceleration 
maximum, respectively at the time of start of a car. 

[0035] mu decision value outputted from the judgment block 30 can be supplied to the vehicle 
speed filter 34 through a switch 32. If mu decision value is outputted from the judgment block 30, 
a switch 32 is switched from the location of a graphic display, and permits passage of the mu 
decision value. On the other hand, if mu decision value is not outputted from the judgment block 
30 as mentioned above, a switch 32 is in the change-over location of a graphic display, and "it is 
unknown" as a mu decision value is supplied to the vehicle speed filter 34 from a switch 32 in 
this case. 

[0036] Only when it is distinguished whether the vehicle speed of a car is larger than constant 
value (for example, 7 km/h) and this condition is filled with the vehicle speed filter 34, the 
vehicle speed filter 34 makes mu decision value effective, and permits that passage. On the 
other hand, when conditions are not fulfilled, mu decision value does not pass the vehicle speed 
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filter 34, and "it is unknown" is outputted as a mu decision value Irom a vehicle speed filter in 
this case. 

[0037] The following ABS filter 36 does not permit passage of mu decision value, either, when 
ABS (anti-skid braking system) of a car is operating similarly, but the ABS filter 36 outputs "it is 
unknown" as a mu decision value. After passing each filters 34 and 36 mentioned above, mu 
decision value is supplied to the following mu judging counter 38. 

[0038] The presumed circuit shown in drawing 6 decides and outputs the presumed road surface 
mu eventually from the high mu degree and low mu degree of road surface coefficient of friction. 
That is, mu decision value outputted from the judgment block 30 is supplied to mu judging 
counter 38 after start of a car. In mu judging counter 38, whenever a car departs, it is based on 
mu decision value (any high [ mu ], ambiguous high [ mu ], ambiguous low [ mu ], and low [ mu ] 
are they?) which receives the supply, and it determines or fluctuates and whenever [ height / of 
coefficient of friction of a transit road surface ], and, i.e., a high mu degree, a low mu degree 
output the result to a limiter 42. 

[0039] In more detail, with mu judging counter 38, according to the classification of mu decision 
value, a high mu degree and a low mu degree are determined, respectively, or increase and 
decrease of a count of increase and decrease of the value are carried out for every the high mu 
degree and low mu degree, respectively. The upper limit and lower limit of a high mu degree and 
a low mu degree are set to the following limiter 42, respectively, and a limiter 42 restricts to it 
the high mu degree and low mu degree which were fluctuated with mu judging counter 42 within 
the limits of the upper limit and a lower limit, respectively. 

[0040] Moreover, while the high mu degree and low mu degree which were outputted through the 
limiter 42 from mu judging counter 38 are held at the sampling operator 44, respectively, they are 
supplied to the presumed block 46 mentioned later. Here, the sampling operator 44 will supply a 
value to mu judging counter 38 the high mu degree currently held and low mu degrees, i.e., last 
time [ those ], if a car departs next time and new mu decision value is inputted into mu judging 
counter 38 after that. Therefore, when increase and decrease of a count of the increase and 
decrease of the value for every high mu degree and low mu degree are carried out with mu 
judging counter 38, respectively, increase and decrease of a value will be added or subtracted to 
the last value of a high mu degree and a low mu degree, respectively. 

[0041] The increase and decrease of a value to the decision value of the high mu degree set up 
for every classification of mu decision value and a low mu degree and the last value of a high mu 
degree and a low mu degree are shown in the following table 1, respectively. 



[0042] 
[A table 1] 












UfrEttsu-t v V 

(=0) 




+ 1 


- 1 




- 1 


+ 1 




(=0) 


mmm&'juv hit 


* w 


± 0 


± 0 



[0043] With mu judging counter 38, if "high [ mu ]" is inputted as a mu decision value, the last 
value of a high mu degree will be reset, and a high mu degree will newly be determined as 5, so 
that clearly from a table 1. On the other hand, the last value of a low mu degree is only reset, 
and the low mu degree is determined as 0. Therefore, the decision value of a high mu degree is 
set to 5 in this case, and the decision value of a low mu degree is set to 0. 

[0044] When mu decision value is "ambiguous high [ mu ]", as for a high mu degree, an aggregate 
value 1 is applied to a value last time [ the ]. On the other hand, as for a low mu degree, the 
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1 is si^^cted from a value last time [ the ]. A^^i 



subtraction value 1 is subtracted from a value last time [ the ]. A nigh mu degree and a low mu 
degree are similarly fluctuated about mu decision value "the ambiguous low one mu" for the 
increase and decrease only of a value shown in a table 1. Moreover, a high mu degree and a low 
mu degree are determined also about mu decision value "low [ mu ]", respectively. In addition, 
when mu decision value is "unknown", a high mu degree and a low mu degree are not determined 
or fluctuated, but a high mu degree and a low mu degree are maintained by the value last time 
[ each ]. 

[0045] Thus, if a high mu degree and a low mu degree are computed with mu judging counter 38, 
a these high mu degree and a low mu degree will be supplied to the definite block 46 through the 
following limiter 42. At this time, by the limiter 42, the high mu degree and low mu degree which 
were outputted from mu judging counter 38 restrict a high mu degree and a low mu degree to the 
minimum value 0, when respectively smaller than 0, and a limiter 42 outputs. 
[0046] Reference of drawing 9 shows mu decision value for every start of a car, and the timing 
diagram showing time amount transition of the high mu degree outputted through a limiter 42 
from mu judging counter 38, and a low mu degree. Now, when a car departs first (the 1st time), 
road surface coefficient-of-friction presumption equipment starts detection of wheel 
acceleration, a throttle opening, wheel acceleration maximum, and the maximum throttle opening, 
as shown in drawing 1 and drawing 2 . 

[0047] In the judgment block 30 of the presumed circuit shown in drawing 6 , mu decision value 
is determined by the map based on wheel acceleration maximum and the maximum throttle 
opening. As mu decision value of the 1st start is shown in drawing 9 , when unknown 
[ "unknown" ] at this time, in mu judging counter 38, both the high mu degree and the low mu 
degree are maintained in a value and this case last time with initial value 0. 

[0048] If a car departs next time (the 2nd time) and mu decision value serves as "the ambiguous 
high one mu", as a result of, as for a high mu degree, increasing only an aggregate value 1 in this 
case, the value of a high mu degree will be set to 1. On the other hand, only the subtraction 
value 1 is subtracted and a low mu degree becomes small from 0. However, since a limiter 42 
restricts the value of a low mu degree to the minimum value 0 as mentioned above, the high mu 
degree and low mu degree which are outputted from a limiter 42 in this case are set to 1 and 0, 
respectively. 

[0049] And after this, a car repeats start, as shown in drawing 9 in the meantime, as for the high 
mu degree, that value is increased by every [ 1 / +] with mu judging counter 38 as mu decision 
value of all is "ambiguous high [ mu ]", and the value of a high mu degree amounts to 5 in the 
6th start. In the definite block 46, if the value of the supplied high mu degree amounts to 5, 
Presumption mu will be decided and outputted to "high [ mu ]." In addition, when the value 
amounts to 5 similarly about a low mu degree, Presumption mu is decided and outputted to "low 
[ mu ]." Thus, if it is in the situation that mu decision value serves as "the ambiguous high one 
mu" or "the ambiguous low one mu", by repeating and calculating the mu decision value, he is 
trying to decide Presumption mu to high [ "high / mu /" ] or low [ "low / mu /" ], and the road 
surface mu can be presumed to accuracy. 

[0050] On the other hand, the point determined in wheel acceleration maximum and the 
maximum throttle opening gets down from close to the high mu field or low mu field of drawing 7 
thoroughly, and since both a high mu degree and a low mu degree are determined that that mu 
decision value is high [ "high / mu /" ] or low [ "low / mu /" ] by 5, by the definite block 46, 
Presumption mu is promptly decided as high [ "high / mu /" ] or low [ "low / mu /" ] in this 
case. Thus, the result decided with the definite block 46 brings a presumed result of final road 
surface coefficient of friction by road surface coefficient-of-friction presumption equipment. 
[0051] In addition, once Presumption mu is decided as high [ "high / mu /" ] or low [ "low / 
mu /" ] with the definite block 46 as mentioned above, the last value of the high mu degree 
supplied by the sampling operator 44 at the time of next start and a low mu degree will be reset 
by 0, respectively. And mu judging counter 38 newly counts a high mu degree and a low mu 
degree from the time of next start in the procedure mentioned above, respectively. 
[0052] Then, if a car runs a certain amount of distance, a road surface situation changes and mu 
decision value serves as "the ambiguous low one mu" at the 1st start N, only an aggregate value 
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n^^^and the value of a low mu degree will^^^et to 1. 



+1 will be increased frorrTO, and the value of a low mu degree will oe set to 1. In addition, 
although, as for a high mu degree, only the subtraction value -1 is subtracted from 0, the value is 
restricted to the minimum value 0 by the limiter 42. In this case, Presumption mu is decided by 
neither "high [ mu ]" nor low [ "low / mu /" ] in the definite block 46. 

[0053] If mu decision value serves as "low [ mu ]" at the 2nd next start N and a low mu degree 
is determined as 5, by the definite block 44, Presumption mu will be decided as "low [ mu ]" in 
this case. According to the road surface coefficient-of-friction presumption equipment of the 
example mentioned above, since the property between a throttle opening and wheel acceleration 
appears notably according to a road surface mu the cases at the time of start of a car etc., 
based on the wheel acceleration maximum and the maximum throttle opening at the time of 
start, road surface coefficient of friction can be judged to easy and accuracy. Therefore, when a 
car starts transit, road surface coefficient of friction can be presumed at an early stage from 
from. 

[0054] Moreover, both wheel acceleration maximum and the maximum throttle opening are small, 
and since Presumption mu is decided from the presumed result of multiple times (for example, 5 
times or more) when it is in the ambiguous situation that road surface coefficient of friction 
cannot be presumed to accuracy based on these, road surface coefficient of friction can be 
presumed to accuracy also in this case, this invention can be carried out by deforming into 
versatility, without being restrained by the example mentioned above. Detection of the wheel 
acceleration maximum mentioned above and the maximum throttle opening is not restrained only 
at the time of start of a car, and it detects wheel acceleration maximum and the maximum 
throttle opening, respectively, and you may make it presume road surface coefficient of friction 
based on these in the state of start equivalent to start which is accelerated from the pole low- 
speed transit (for example, delay transit of 2 - 3 km/h extent) condition of a car. Even in this 
case, when both these wheels acceleration maximum and the maximum throttle opening are 
small, of course, a road surface mu can be decided from the presumed result of multiple times. 
[0055] In addition, since a road surface mu can be presumed immediately after start of a car 
according to this road surface coefficient-of-friction presumption equipment, It displays on the 
display in which the presumed result of the obtained road surface mu was only prepared in the 
vehicle interior of a room. It not only tells an operator, but The equipment of others which were 
separately prepared in the car, for example, the turning control unit which performs yaw moment 
control and automatic deceleration control of a well-known car, Or it is also possible to raise 
further the efficiency of control by these cars behavior control unit by supplying the road 
surface mu presumed to car behavior control units which use a road surface mu for the control, 
such as ABS equipment and a traction control unit, at an early stage. Therefore, the information 
about the behavior of the car which changes depending on road surface coefficient of friction at 
the time of transit of a car, for example, about a slip of the wheel at the time of actuation, the 
slip angle at the time of turning, and the lock inclination of the wheel at the time of braking It 
becomes possible to predict without detecting these, and is based on these predicted 
information. With a well-known car behavior control unit Before it performs yaw moment control 
before it performs traction control before a slip of a wheel is generated at the time of actuation, 
or the undershirt steer or exaggerated steer of a car occurs at the time of turning, and a wheel 
serves as a lock inclination at the time of braking, it becomes possible to perform ABS control. 
[0056] 

[Effect of the Invention] As explained above, according to the road surface coefficient-of- 
friction presumption equipment of claim 1, road surface coefficient of friction as which a 
property is determined from the maximum of these wheels acceleration and a throttle opening 
can be certainly presumed by specifying the wheel acceleration used as the presumed criteria of 
road surface coefficient of friction, and a throttle opening as maximum, respectively. Therefore, 
even if the driving force of a car is small like [ at the time of start of a car ], there is no 
possibility of carrying out the misjudgment law of the road surface coefficient of friction. 
[0057] Moreover, since the flash maximum detected at the time of start of a car and the 
acceleration from low-speed transit is used, it is dramatically advantageous to the application to 
the attitude control technique of a car at the point that road surface coefficient of friction can 
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i^^n a car starts transit and the informlf^ 



be presumed from from wnen a car starts transit and the information on road surface coefficient 
of friction can be acquired at an early stage. Moreover, according to the road surface 
coefficient-olHriction presumption equipment of claim 2, even if the relation of the maximum of 
wheel acceleration and a throttle opening is the road surface which does not appear notably, the 
road surface coefficient of friction can be presumed, and the dependability of presumed road 
surface coefficient of friction can be raised further. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram for explaining the procedure of detecting wheel acceleration and 
a throttle opening. 

[Drawing 2] It is a block diagram showing the configuration of the, detector which outputs wheel 
acceleration maximum and the maximum throttle opening. 

[Drawing 3] It is a graph for explaining the detection stage of wheel acceleration maximum and 
the maximum throttle opening. 

[Drawing 4] It is a graph for explaining the detection stage of wheel acceleration maximum and 
the maximum throttle opening. 

[Drawing 5] It is a graph for explaining the detection stage of wheel acceleration maximum and 
the maximum throttle opening. 

[Drawing 6] It is a block diagram showing the configuration of the presumed circuit which 
presumes road surface coefficient of friction. 

[Drawing 7] It is map drawing forjudging road surface coefficient of friction from wheel 
acceleration maximum and the maximum throttle opening. 

[Drawing 81 It is drawing having shown the relation between a throttle opening and wheel 
acceleration. 

[Drawing 9] It is a timing diagram for explaining the value of the high mu degree which changes 

according to the classification of mu decision value, and a low mu degree. 

[Description of Notations] 

2 Wheel Speed Sensor 

4 Throttle Opening Sensor 

10 Detection Block 

12 Operation Block 

14 Judgment Block 

16 Judgment Block 

18a, 18b Switch 

20a, 20b Switch 

30 Judgment Block 

38 Mu Judging Counter 

44 Definite Block 



[Translation done.] 
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<£„ — Wje^Dy ^ 1 6Tt>H«f3, ^[al©XP-y 

As(n) tWleiXDy HH«gAsp(n-l) £a*Jfc«a*l, 
As(n) £ Asp (n-l) ©«J£*#tW£5£ L££ i*. 
n-y ? 1 6*^@7D7 b->H«SAsp(n) ibT^Iel 
MfflLfcXPy h;UPfiigAs(n)©ffl*t{iS^$tl-5„ eft 
ic*f U As (n) <Asp (n-l) ©*J3£*fl=^J«i-rntf . 

sp(n)©{6H Wiaxoy HHaSAsp(n-l) E 
Oi5l:ffl^n-^ 1 6^S*lJJtte*tLT^Dy h 
;HIS Asp (n) $ ft* ttiHC* o Til X-f y ^ 

1 8bteifi£UfcX--f 8 a©i^ti«l:H*© 
ffi«*^«J01ftA&n. #tC^->©#c^{Iil^sn'g.^ 
m> fiJ^7*P->^ 16*?)©XD7 h;HH§ffiAsp(n)W: 
X-fyf 18b$lT7-fyf 20bl;M^n, £© 

^•vf20b mfficommmzjstf&mm vtzx 
u v v M%m.As (n) <Dmm<Dm±mt)mw ^imtu x 

[0 0 2 3] £fz, X-f y ^ 1 8 a , 18bli, *ffi© 
fMW*, O^0> ¥ij^yp->i7 1 4, 1 6*>&*UJ&B* 
©ttJ^J*%t^t#©^S-r, U-fey Hs^©#y&£S 

»xm^(»*7$Lm\z^n?tu&%m izmznz^^iz 

/i^T^O. ^©U-fey hft^fH OR0&2 4^€,tH 
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#Sft*. OR@gS^©A^^#©fBrn^^«fe$tl 
fciSC'Jt'y hft^SX-fy^l 8 a, l8bC*n 
•€ t n«*&-T*«t'5K^t>Tti*. OR01S2 4 

f(DTOI:*^TH, ftDKX-f^f 1 8a, 18b£ 
ffl^n^*lfel)DiiS©«±ffiS£K«A7.D^ h;HB&© 

to r ass 2 4 ©A^^ft^^fn t>«fc $ ftfc < 

H 18a, 1 8b(li^Lfc«^nyi?l 

4, i 6^e,©ffl^©^r*gna^^TW0SiAe)ti.5. 

[0 0 2 4] X-f7f2 0a, 2 0 Ml 

P-yi7 2 6^£©W&ffi^©ffti&£gttT03S©&@^ 
G^D^AStl, C©^)m»t*(3T, SEftfiMtLT^S 
*$§JPi£ftAwp (n) Rtf X P -7 HUMSAsp (n) 

as* a-m&dwax p h^wstLT^-n-enffi^ 

"f5. iOHKH nfeZfU y 2 2 6 fctt, ^0^01 
LfciM&iJPjSJSAw (n) StKWHI*»JPaSAwp (n-l) # 

Msnt*?), ;:Ttt, ^iei©$^ipji«Aw(n) 

«t, AftlWIItniggAwpOi-l) t*«Jt«$n. 4-lil©* 
^HPjSJS Aw (n) **iflHl*«ftJna«Awp (n-l) 6 0 . 5 
%J&Lt<£TL/t££\ Aw(n)^Awp(n-l) • (1 

-5/1000) OW^ft^uLfcit, WS^D7? 
2 6^£X-f 7f 20 a, 20 b tr«J«lft m^tl^tl 
ffi^J^tl-So X-f7f20a, 2 0b(l #U^p y ^ 

2 6frtz>®mmn&%;im-?tztz, isosia^«i 

[0 0 2 5] @3^e.gl5 Sr#Hg"f-5)i> *l^© 

*^^nT*30. iiTIl »#^JTltrT$$giJ!jP^)t© 
e— i'^I4L/T^5. 03(^Sn^J:3^7 

?±i)\s<y))s<Dmfr&Mztt-?z>ifLi&mmm<D±.mz, 
mmmz&vz,&t§i<DQmz£zM.frtt-t<B$Ltjiiiamm 

©±#. *fi©X'J ^^©tiiPSr^bT^ 

»^tr|Hiab> *ISi©X'J y^fc*fc**HJ*f|>LTV» 
0 3 ©*$fe*aS»b!lf ttT©« 

^*jc«j8im^ia*sn. x^7f20a, 2 0b*« 

^tl-f'tl^O^Ae-tl?)., C©|§*, X-fyf2 0a* 
&tt«#LT^*¥Hinija£Awp (n) *«*«MiPaflE** 




«. ^JPii^^t-^fr^L^. XP-yHUffl^te 
-^tr«fir$ti-5fc*, ^-CircDX'j yJtm^ti 
T, -?-coyU -y 7^0^l<T^-2>;i<i;£*LT^3,, Z. 

0 2©W^[e]g§2 6^6HH#^JT2c!:lll§|S|B#^J 
t^#Mt^ 5 ffi;>j£n> X-f7f2 0a, 2 0b7^D 

b & LT<^ j§«Awp (n) ^*$IJ»3iK 

«*:«Aw2<hLT{iJ;>J$fL X-T-y?2 0 brt^ 

te^OBfi-TCDXP-y f-;Hi(SAsp(n)7^ft*:XP-y h- 
;U^As2i:LTm^Stl^o 

[0 0 2 7] ^bT, E5*#ji-r^t. Tp-tK^y 
/T^nti^. «::tH, XP-y h;i/MS»tf-^B#^J 

0 2 tCTK^SW^X'P-y ? 2 6ttB#£iJ 

a, 2 0 b£^*X-e'tt^9g|;lS<, dCD*§£\ X<-y5P 
2 0 att«^LT^^*$SJ!lPjiSAwp(n) £*Hj!jPj£^ 
ftAitAwS^LTHJ^U M7f2 0bll ^ 

<DR#*T<DXP-y HHigAs3T«&<, B#^JT3«Btl 
C0B#giJT4t'Tt#e.tafcXn-y MHS,gAsp(n) £ft*X 
P-y b)m&AsAt L-THi^-r-So 
[0 0 2 8] ^±W=k^(rEI2tC^$n-5^aj(Hl?&ti. 

*xp-y h)imm<DtntiT\t, mmomm^^m^mm 
mm±m<Dii!,t>m&£X"<nmmiz&tfz>7.ny h)vmm 
™*ti*xD7 hjimm.tLxta^^n^z\tiz 

t±Z>o 

[0029] 06 £#fst- st, -^miHiK^etK^^n 

T, S§ffi*^Sc^«l«-rs«l«lH]SS(D«l^yp-y^ 
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P-y S JimmZ^ft^timfc^ny ? 3 OtcA^tl 
So «7 J D7i'3 0T(l *$SSnii^«^fSR^^ 
XP «y h;H»«#0 7 uW^-7-y 7°(3,Bg^^ 

[0 0 3 0] iO!¥L<(l mtfMcDfgjtllt&tCD 
tfiRKfcoTte, XP-y h^MSi^SniSSi^^-r 

EP*>> 77.yy)l<h1&tiZ<Dmu^Z$>-oT\Z, 08* 

©n^T^-r J; 5 \zx u y v )mmv>mMzm$w&? 
s=t^ tcLT#fs»pji^t)^jjp-rs<e[6i^$.-g>^\ 

L&tJ^, £E»?S^t<7){gM!St:*-pTtt, XP-y 

mmtf&zm&M-tiztgm-rzt. m8^m^x^-r^ 
vizxayb jimmzMLTmmmmim.mzmmr 

-y h;U^«i:*^]tJPjiStcoffi^^e,gSE#^^:<D«l 

iE«ti-^f i^z p -y *ffiffl-rs d t^mm 

r&z>z.t$:mmvT^%» ^nft, 0 2co$*tfj[5|&-e 

;HJB«Tttfc<, iitMbfc«*XP-y HH»flE£tttH-r 

[0 0 3 1 ] I*65l:tt. 0 7COM*lJ^V-y^«0 8» 
SSfflwt^C/iXP-y h;Uffi^-*$ii!jPii^!t#tt^^- 

^i:LTff«sn. 1^x07 N;ns^<h*Hi2jpi§&« 

7*. ifiStffcttRrMStfMttte/Vy^^SttLT^S 

ut^So for, i^xp7 hJuw^t^JnascD 
&um®iz\nii*<DMftm&&mtf&^tn%.-rzz. 

[0 0 3 2] 0 7CDM*"J^V-y^(:^^ 

tlTH * «fc 5 (CiS m ffi«(3T«: AX P >y h ^BiaE^Bf 3t 
ttAm«tDt)/jNS^ffi«^^ ftja««l:T* 

[0 0 3 3] mfe-Juyy-Z OtCT, 
iSffiaAMStKfiAX P -y h;UBBflE*e»^Sn«tf*i| 

«S*-fj«W^i[A*W^ny^ 3 0^<itii^$tiS„ 
*$gUPjaS»AMt«AXP-y h;uws^€.^ 



(6) 
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[0 0 3 4] ft*, H7K>&fitta>8£#££»*«ip 
fi. -3*0, Awl~Aw5&tfAl~A4H H^C0*ilC0 

&i&tommm±mx.zsm±x a y hjmmoy 1 - * \zm 

a. ^^ro^iiBt, m±xay b)mmtmmmms.m 

\t, &ix^&^<Dn^Ammtf3i^m±xuy b)i 
w\8ZRzf&&Mmmm*m<n±mmz^n j etimi£2ft 

[0 0 3 5] *J)£^o»/^ 3 O^effi^nfcw^ffi 

ti. 7,-(y^3 2^iffvrmmy^)i^3 4izm^m 

t&otl^. ^^7f 3 2(1 ^£^7^30*^ 
CD «fc o y?30frZu Wfitfjjtffl* $ ftft 

£\ x-f7f3 2^e.iiiiflfitLto r^ajj 

3$:7^;|^ 3 4(C#y&£tl3o 

[0 0 3 6 ] s£my^)l5> 3 4T(t *i^CO*ji^— 
ffl (WM7km/h) <t 0^:#^^SA^*iJgiJ$tl, 

£ii3®"f-g);ii:tt&<. *ji7^;i/^^e>tt 

[0 0 3 7] ^C0ABS-7^;U^3 6 Tfc|H]ttlt~, 

«#r, ttfJStttLt r^B^j zmirtz,, ±.mi>tz 

§7-fW3 4, 3 6£iliib&«» jrtWgttte*© W 



[0038] m6iz*2nz>m%.®mz, 
o&u&&^Rzf&u&'&^frt>mifemzmMi&ffiiJ.& 

y#3 OftbiiiJjZWzuWfcmZ* unfe%V>9 3 

tern*.**!. -?-<ois«su5y^4 2fca*-r4. 

[0 0 3 9] i»3iL<lt 3 8 Ttt, 

Effi&tfTEffia** ft-ffnaasfca nr*5 o . >j = y ? a 

211 /zW^* r 7>^4 2 KTiSMStlfciSMS^-Stf 

»-T-SJ:3f;:&oT^-So 
[0 0 4 0] Sfc, umfeUO > 9 3 8*>£>USy^4 

4*t£:/ny*4 6 3 £fcoTt>*. £ 

HT, ^>7 I J>WI/-^4 4H ^@*:M^jt 
bT, ^CT)^(Cgffc/j:MW€fI^w*iJ«7J^>^3 8(3 
ATJStl-St, ««fUT^fc»Mft^RatfiM«^ BP 
*», ^tl5>C0mf[51tt$M*iJ£7J r >>^3 8tC^-r?. 0 

mnxizMW2ttz>z.tizfcz><, 
[0041] «tcds i ten un^.m<Dmmmzm& 

^.u^^mmmizM-t^mmm^n^ti^hx^ 

So 

[0 0 4 2] 

ill 







XttJSM* 


■is « 


«trBelfifi* U -fey h bT 


»ia«*u-fev h 

(=0) 




+ 1 


- i 




- 1 


+ i 


© H 


(=0) 


milHltt^'Jfe^ h bT 


* m 


± 0 


±0 



[0 0 4 3] «Wg*7>^ 
3 8TH /ittSitLT Tj^^j 7i*X*$n-5i:, A 



-fey 



[0044] nummifi mvkMni 




[0 0 4 5] o fl LT 3 8 (lTi« 

-eno «t o /j%a u 5 y $> a 2 ttK u 

[0 0 4 6] 0 9£#Hrf-5£, *ian<D^jt®©uW^ 
tt£, /x««*'?>3'3 8*^'J5y3'42*lBTa* 

£3 (1@B) , Biffije&ftfttit££Stt. IIM'I 

[0 0 4 7] M6lZ7x2tl%>mi£mi&<Dnig.-7nyi? 3 
Jil|HlB©u ! l ! >J3Effi* 1 EI9fc*$n*<fc3K TTFHJj £ 

[0 0 4 8] tlfW^ILT (2@B) . 

a» n**»Mj tftst, z<DW>&, KuflteHinUMS 
iztt v . ® « g?£ 1 t«* a nt 0 «t 0 /h $ 

<&*. L^Lft#6. W^«=k^tC'J5-y^4 2te{g 
/i*-&ro«*ft/hfllOf;«!llB-rs©T?. US 

ni, o£ft-5„ 

[0 0 4 9] LT. Z.(D'&. *PSa*5BiH&tt0igU 
BfciSyJ T*&3£. iLnfe-ftV>5>3 8ttT. i^^S^ 
*^c«a5i:it4. Ityn <y 4 6 Ttt. 

mmi,Tiht>-?z>o ft*. fitf**f3i>Tt>ra«ur. 

5 Kit fi&ui K*£LT 
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[0 0 5 0] ZtliZMVX, ¥*&ia&«ft*ttRtXft* 

Xtt r<g u j tju^t, mu&GRZf&u&G\Z&\z5 
cftiesns^t*^. «s^n-yi7 4 6t 

**. !S®PP^iS«l^«St«J;5S*ie*)ft!SiS*«l^» 
©if^*£ft*. 

[0 0 5 1 ] ft*. ±j^<0«fc5Hfit^^D>yi7 4 6 (IT 

t, •A®<D%mmiz-y->-7°>j y^-t^u-* 4 4frt>m 
ftznz&u »&&v>mmmz : tti j etio \z 

[0 0 5 2] *W***5Sa[©K«**ff UT 

wj £ft&£. flSu«^©«»i0^6.HPlHI+ 1 rtfttii 

snanx i tftSo ft*. !«/tfe^tto^e»»JHB- 1 

fc*tt«J¥an-S)5*. u 5 y ^ 4 2 tr«t 0 -€-©«a«/h« 

[0 0 5 3] ^OSSJtNZEIBUM^Jjeii** r fSuJ £ 
ftD. fitfflE^A*5Cftjeans<»:. 5t^7* 
P7i7 4 4fliK/iS: r{£ wJ tLtftSfS. ±Jfi 

^itijjssu st cans n t . mmm<n 

[0 0 5 4] S^c. **|JP»aE«*tt&^*^X P y h 

ISC® («^.«5@R±) ratt£tt*^&tt£itfrfl[£b 
t^SCt', iEttf::&ffiJ*8tiiSt&K£ 

n^i£ft<. mxizmj&Lmmvii&T'&z. ±iSL 
i^w^jt^»^i3$i]^a*ast)©-ettft<. *jffij©ffi{g 

^*T."=» CS^#ISiSrti*ilRSfc*«lS&-r4 «fc 5 (I Ltfci 



(8) 
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[0055] z(D9&&mmm%.m i fe : &w\z£ti 

tz =rj 7 7" V-i ± \Z «tk L T jfflE# (I ft 6 * S fc* 
JIlHlftiJffllSS. XteABSgg^h5^>a>fWffllgg 

^atr-s z t/fimm £ & t> , fiLfccn?, i*$b ust? 
stanza-*:- bUffl&fr-DfzK). mmmiz 

[0 0 5 6] 

z> mmummt x uyb jvmm^ti^n&^m \z&%. 

[0057] *PS©»jii^^>fijfi*fr*»e.©iDa 

mmzi&mmm&tkvffim&mzzttfTtz&'emm 
<Dgmfflw&ffi^<Dfcmiz$mizmii-i:$>%o $.tz* m 
<nt&m&m&mmfe%imiz£mx, ^mmmR 



L*»t>, m7£LfzmMmmm&<Dmm\£$:-g.iz\iii±2^ 

[l3H©1«iiifc»i9J] 

[01] *(ftJPiSar»o:XPy MHMffi£ttffi-r*3MB 

[02] ^mmmm±mRum±xuy bjvmm^m 
ftmMzmw-fz>tzsbW7 7T&z>, 

[0 4] *HliP3iaE*^ftS0t«^:^py h;m&©fc 

mmm zmw? % tztbo y 5 7 5 . 

[0 5] **fcttiaai*^lt&^fk^:XPy HUBS©** 
ffiB#» SK^T* fttb<D 9 7 7 -5 . 

[0 6] &s#^#i!c£H£-r3*£[Hi?g«#ij&£3?ir 

[07] mmmmmm±m^.um±xuy h)m&&& 
9&wmm%$t&m7£?2>tztt><D-? y yen?**. 
[08] 7,uy b)immizmmmmstt(Dmm^L^. 

[0 9 ] /x fij jgfi ©asu ct*iw4 * m 

10 &lh7'ny? 

12 ifya 7 ^ 

14 Wjfr/Dy* 
16 Wfe7*nyy- 
18a, 18b X^yf 

2 0 a, 20b X-f >j/3=- 

3 0 flJS^P * i7 

3 8 tf fi|tA^>^ 

4 4 W^TfUyif 



[01 ] 



[03] 



10 



72 



vw 



Afw 



Aw 



As 
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[02] 



1 















13 



a 

f- 



Aw(n)£Awpfn-1)^)£2 
i±5*7Awp(n)=Aw(n) 

Aw (n)< Aw pCn-1 5 
tt /7Awp(n)«Aw p(n - 1 ) 

C 



Awp(n) 



18a 



Awp<n-t) 



|Ta|>5° 1 


|Gv|>CU5G 






Fx* 0 





, 24 



16 ^ 
As(n) 



As(n)> Asp(n-1)£>£ 5 
£#Asp(n)-As(n) 

As(n)< Asp(n-1)<fl£$ 
±#Asp(n)=Asp(n-1> 



Asp(rj| 



Awp(n) 



20a 



22 



26 



Aw(n) 

SAwp(n^)*{l-^) 



18b 



AspfrM) 



22 



Asp(n) 
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